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. SUMMARY

The nine most common nesting bird species on the tundra at
Prudhoe Bay consist of eight shorebirds and one passerine, the Lapland
Longspur. Studies of the diets of these species at other arctic tundra
sites (principally Barrow) have shown that insects comprise their prin-
cipal prey during the breeding season. Diets differ somewhat among spe-
cies, but the relatively simple prey base at arctic sitesresults in
broad diet overlap. All species exhibit pronounced seasonality in their
diets, responding to seasonal variation in availability of their prey.
Most species rely on larvae of tipulid and chironomid flies in June,
switching in July to emerging adults of these dipteran families. In
late summer, after emergence is complete, most birds return to larval
dipterans. Spiders, beetles and other insects are occasionally impor-
tant. A few species take berries and plant seeds before orafter the
nesting period.

Potential effects of West Road on food supplies of tundra birds
include gross habitat changes as well as subtler effects such as road
dust and changes in snow melt.. Aside from gravel burial, the most dras-
tic effects will involve drainage changes (impoundments) which may alter
insect species, densities, seasonality, and availability to birds. Dust
and resultant snow melt changes might alter vegetation and soil texture,
chemistry, and moisture, changing the environment of soil invertebrates.
This could cause similar but less marked changes in insect species, den-
sities and phenology.

Tundra bird densities may be limited by food (insect densities)
on several scales of area, from single territories to regional sites,
but the limitation is probably based on znaverage of food densities
cover several years. Differences among potentially competing species in
sit philopatry and znnual variability in nuabers ccaplicates this ques-
tion. Some studies of shorebird ecolegy onsurmer and winter grounds
have suggested that competition is wereimporiant in winter, and that

breeding ground resources aresbundzntznd not 1limiting. This apprrent

aontrzdiction can be reconciled by censidering populationrelationships
L.L.. . : . . . X
cfvween summer 2nd winter, differences in diversity of sez:onal prey

tase, znd differences in thenature of potential food limitation betwucen



summer and winter. The issue is complex and not easily solved, but the
evidence suggests that food supplies are involved in setting loca
breeding densities on the tundra.

| discuss four approaches to studying the effects of West Road on
bird densities through changes in insect densities. Two of these are
more promising in terms of time and effort required. A restructured
monitoring of insect densities, with continued monitoring of bird den-
sities along West Road, is part of this dual approach. Supplementing
this, an experimental measurement of effects of lowered insect densities
(through increased bird density) on chick growth rates would focus on a
key question of whether changes in insect abundance will decrease nest-

ing success.



I1. INTRODUCTION

What effects will West Road have on tundra bird populations through
changes in their food supplies? To answer this basic question we must
focus on three separate questions: What are the important food resourc-
es of the most common tundra birds at Prudhoe Bay? What are the prob-
able effects of West Road on these food resources? Do food resources
limit tundra bird populations, such that changes in food densities will
produce changes in bird densities? |In this report | will address each
of these topics and discuss studies which could fill relevant informa-
tion gaps. | will pay particular attention to the question of food as a
resource limiting bird populations, beczuse this is at the heart of the
initial question posed, and because this is the mest complex and
difficult to answer of the three component questions. Finally | will
give my reasons for believing that the primary, most easily measured
changes in bird populations will arise from gross habitat changes, which
necessarily involve changes in food supplies. Chznges through effects
on food supplies unaccompanied by gross habitat changesmay also occur,

however, and studies can be focused on these effects.

The Tundra Avifauna

As measured by nest densities, the tundra zvifauna at Prudhoe Bay
is dominated by several species of shorebirds and one passerine, the
Lapland Longspur. From data of Troy and Johnson (1982) on experimental
and control transects near West Road, all 9 species with nest densities
above 1 per km2 are included in this group (see Teble 1). The 1981 re-
sults compare fairly closely with the most ccrmon nesters in 1971 and
1972 on three study plots near Frudhoe Bay (Norton et al 19'/5). Tn both
studies the three most abundant resting species woeire Semipalmated Sand-
piper, Red Phalarope and Lapland Longspur,although their relative zbun-
dances differed. Dunlin, Pectoral Sandpiper =nd “orthern Fhalarope
formed the next west aburndant gro:p in both stoudics. These results
probably &pply to most yearsznd =ost sites at Pi:uhoe Ezy. Four ether
shorebirds and one passerine nestsd on study trznrects in 1581 at lower
densities, as did seven spaecies from otHer groups, prineipally water-
fowl. (Troyznd Johnson 1982). ZIeczuse of the ¢\ <rwhelining nuimerical

deminance of the shorebirds znd passerines in Lhe study zrea, and be-



cause these species generally share a similar range of habitats and food

resources, this report will consider only those species in Table 1.

Table 1. Species nesting on Waterflood Project bird transects, 1981
(from Troy and Johnson 1982).

A. Nesting densities above 1 per km’

Lapland Longspur Calcarius lapponicus 15.9 nests/km®
Semipzlmated Sandpiper Calidris pusilla 15.4

Red Phalarope Phalaropus fulicarius 13.6

Dunlin Calidris alpina 8.0

Pectoral Sandpiper C. melanotos 5.4

Northern Phalarope Phalaropus lobatus 2.4

American Golden Plover Pluvialis dominica 2.2

Baird’'s Sandpiper Calidris bairdii 1.9
Buff-breasted Sandpiper Tryngites subruficollis 1.3

B. Related species nesting at densities below 1 per knv

Black-bellied Plover Pluvialis squatarola
Ruddy Turnstone Arenaria interpres
Long-billed Dowitcher Limnodromus scolopaceus
Stilt Sandpiper Calidris himantopus
Snow Eunting Plectrophecnax nivalis

. . . 2
Other nesting species, all at densities below 1 per km , include Arciie

Loon, Gavia arctica, Red-'hroated lLoon, Gavia stellata, L’bite-f'rontcd

teria spectabilis, Rock Ptarmigan, Lagopus mutus, and Parasitie Jaseger,

Stercorarius parcesiticus,




111. FOODS OF TUNDRA BIRDS

Types of Information Available

Diet information for tundra birds is available in a variety of
sources ranging from one-sentence lists of food types to detailed analy-
ses of stomach contents of collected birds. These may give results as
percent of biomass, percent by number of total prey items, frequency of
occurrence in stomachs based only on presence/absence, or frequency of
only the most common food items. Samples are sometimes separately ana-
lyzed by age and sex, by habitat, by period within a season (by calendar
dates, bird breeding phenology or insect penology), by year znd by geo-
graphic site; or any of these potential categories may be combined and
obscured. Prey items may be identified to species and to size, or they
may be listed in general taxonomic categories, as families (tipulids),
orders (dipterans), or even classes (insects). The result is a wide
variation in detail and reliability among sources of diet information,
which | will attempt to summarize. This requires dropping much of the
detail in favor of extracting the most relevant generalizations regard-
ing each species. Such an approach is appropriate beczuse species diets
vary according to the availability of prey: birds czn select only zmong -
the prey items locally available. Great precision and detail pertaining
to one place and time are therefore not normally transferable to other
sites, although the general conclusions rcgarding food typesusually
are.

Two families of insects within the order Diptera (flies) will be
mentioned repeatedly in these discussions: Tipulidae (araneflies) are
widespread on arctictundra, occurring in a variety of uplandand low-
land habitats. Several species vary in size, but the..2st common spe-
ties at Barrow and Prudhoe Bay_(Ti_gq_li_ggf_r_iLi_f_rjo_ns and T.aretica) are
quite large(rore than 10 mg dry weight as larvae¥,” es 1666b, Custer
znd Pitelka 19’18, Mzclean and Ayres1632). Their full jrewth cycle
tzkes up to 4 yearsto complete. Chironc:ids (midges) «re smaller (less
than 1 mg dry weightaslarvae), uznd cccur in wet habit:ts suchas pools

1

and edges of streams znd lagoons throughout the arctie.  Near Rarrow and

™

frudtoe Bay there mzy be 25 species or more, and life eycles mzy take up



to seven years to complete (Butler et al 1980). Thorough discussions of
the natural history and seasonality of these and other groups of tundra
invertebrates can be found in MacLean and Pitelka (1971), MacLean
(1980), and MacLean and Ayres (1982).

Species are treated below in order of nesting density in 1981, as

listed in Table 1, beginning with the most abundant species.

Lapland Longspur. ---- Tundra diets of this passerine at Barrow
have been reported in Custer and Pitelka (1977, 1978) andSeastedt and

MacLean (1979). Becausethe principal large tundra arthropods at Barrow
and at Prudhoe Bay are similar (MacLean 1975, 1580, MacLezn and Ayres
1982) we can expect Prudhoe diets to be similar in tYPe and scasonality
to those measured at Barrow. Adult longspurs feed primarily on larval
insects in June, switching to emerging adult insects in July when these
become available, and returning to larval insects after emergence is
complete (Table 2). On first arrival in late May the tundra is mostly
snow covered, and longspurs forage on plant seeds (74%). They shift
back toward plant seeds in August (Custer and Pitelka 1978), a trend
alsosuggested by the contents (almost exclusively seeds) of two
stomachs of juveniles examined in August (Connors, unpublished) frem a

saltmarsh area near Barrow.



Table 2. Lapland Longspur diets at Barrow. Percent

weight.

A. Adult diets (Custer and Pitelka 1978), n = 174.

composition by

June June June
1-10 11-20 21-30

Larval 37% 62 34
tipulids

Adult 3 0 4
tipulids

Other 33 23 20
larval insects

Other adult 18 12 28
insects, spiders

Seeds y 0 4

July July July  Aug
1-10 11-20 21-30
9 3 13 6
68 69 14 2
5 7 52 37
12 20 14 8
2 1 L 27

B. Nestling diets (Seastedt and Hacl.ean 1979)

Summer
Average

23%

23

25

16

Larval tipulids
Adult tipulids
Other diptera
Other insects

Spiders

25%

10



Food fed to nestlings consisted of the same arthropod taxonomic
categories: Almost 70% of the biomass consisted of larvae and adults of
tipulid flies, with other insects and spiders comprising the remainder
of the nestling diet.

Longspur diets from breeding grounds more remote from Prudhoe Bay
have also been reported, and the results do not differ importantly from
the Barrow studies. Two of these report that seeds comprised about half
the diet, but birds were collected throughout the summer in these stud-
ies: the averaged results may reflect the spring or late summer use of
seeds measured at Barrow. At Cape Thompson in 1260animal matter in 90
longspur stomachs consisted of beetles, flies, other insects and spiders
(Williamson 1968). Nestlings were fed only animal matter, as at Barrow.
Gabrielson (1924), reported the contents of 56 stomachs of Laplandlong-
spurs from Alaska and Northern Canada breeding grounds. Flies, mostly
tipulids,were the main animal prey items, but beetles, other insects
and spiders were also taken frequently, in addition to seeds.

Timing of longspur nesting differs froathat of shorebirds.
Longspurs have a shorter incubation period, snd their young hatch a week
or more before most shorebirds (Holmes andPit:1ka 1968, Williamson
1968, MacLean 1969, Custer and Pitelka 1977). The young are altricial,
staying at or near the nest, where they are 7.dby the adults, until
they fledge. Shorebird young are precocial, highly mobile and able to
forage for their own food within 24 hours of hatching. All these spe-
cies are very synchronous in timing of their nesting, probably in re-
sponse btothenarrowseasonality of prey zbundince upon whicn they de -
pend, whit’'n is in turn set by factors of clixzte in the brief arctic
summer (Holmes and Pitelka 1968, MacleanandPitelka 1971, Custer and
Pitelka 1977,1378). Holmes andPitelka (12%8) and ¥scLean =nd Pitelka
{1971) believe that shorebird breeding is ¢::..dr0o that hatehing oeccurs
at the beginning of the peak of adult insect .zrgence, providing an
easily c=zusht prey for foraging chicks. 3imilsarly, Custer andPitelka
(1977) sugzest that longspur hatching occurs carlicer so the ycungreach
independ:-nece while zdult insects are zbundsnt. As nestlings, thay de-

pend on =dults who czn successfully Torage forlarvalinsects before

2

insecct edult cmergence. This suggeststhat ne=wly indeprndent young re-

[¢

quire the e=zsily captured adult insect riey] ccndition and timing of



food supplies during this period may be critical to longspur success.
Marked changes in insect phenology due to effects of West Road on local
snow melt could alter the success of longspur (or shorebird) Young if

these species cannot adjust their nesting schedules accordingly.

Semipalmated Sandpiper. ---- The most extensive diet information

for this species and for three other sandpipers on our 1ist comes from
Holmes and Pitelka's (1968) study at Barrow. They collected a total of
694 adult and 372 young sandpipers of four species over a period of five
summers. They analyzed this mass of data by ten or fifteen day periods,
enabling them to track seasonal changes in species diets averaged over
five years at one site. They concluded that all four species feed al-
most exclusively on insects; that seasonal trends in their diets result
primarily from phenolegy of insect availability; and that all four spe-
cies overlap broadly in summer diets. Implications of these conclusions
will be discussed in subsequent sections of this report.

For Semipalmated Sandpipers, chironomids (midges) are the most
important prey throughout the season (Tzble 3). During June, thse sand-
pipers forage heavily on chironomid larvae in muddy margins of pools,
lakes, streams and lagoons. During July adultchironcnids emerge zbun-
dantly in these habitats and comprise the bulk of Semipalmated Sandpiper
diets. As emergence diminishes in mid to late July, the birds switch
back to chironomid larvae. Other prey taken in smaller numbers include
tipulid larvae and adults, spiders and beetles.

Young sandpipers forage on the s=ineprey, beginning with adult
chironomids after hatching in early to #idJuly, =and swilching to larvae
in late July and early August. At this time manyyoung birds move into
coastal areas, foraging on mudflats, salimarshes, and edges of sloughs
and lagoons prior to fall migration. St.czchs of six birdscollected in
these habitats :t Barrow and at Lonely, Alaska contained privarily chir-
onomid larvae (,3%), but also held oligochaete worms (17%)and chirono-
m i d adults (3%) (Connors and Risebreugh 1976, 1977).

The Barrow results sgree with diet irnfcrmmation (1@ the eastern
Canzdizn arctic (Fzker 1977) where a sz=ple o f 33 birds (collected mazin-
ly in June) contzinedchironomidlarvae (6[1%), spiders (23%) &nd swall

zrounts Of ceveral other categories, mostly In sects. Thescripalested
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Table 3. Diets of Semipalmated Sandpipers at Barrow (from Holmes and
Pitelka 1968). Percent composition by number of items.
A. Adults, n=60
June June June July July July June-July
1-10 11-20 21-30 1-1o0 11-20 21-30 Average
Adult
chironomids 0% 4 2 76 35 0 20%
Adult
tipulids 0 0 ' 0 14 11 0 4
Larval
chironomids 52 50 85 5 49 87 55
Larval
tipulids 13 17 9 0 3 0 7
£dult
Spiders 16 18 2 1 3 10 8
Adult
Beetles 12 12 3 8 4 4 7
B. Young, n=39
July July July July 31 - July-Aug.
1-20 11-20 21-30 Aug. 14 Average
Adult
chironomids 84¢% 56 5 3 3%
Larval
chironomids 0 4 81 88 43
Adult
Spiders 4 16 1 4 6
Adult
Beetles 10 13 6 1 8
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Sandpiper is the smallest of the shorebirds nesting at Prudhoe Bay, and
both Holmes and Pitelka (1968) and Baker (1973) found differences in
sizes of prey selected by this species compared to other sympatric
shorebirds. Semipalmated Sandpipers take smaller prey on average but
the lack of diversity in its diet and in those of potential competitors

still results in broadly overlapping diets among these species.

Red Phalarope. ---- Several observers have reported tundra foods

of this species, andalmost all observations indicate that insects, pri-
marily chironomids, constitute the bulk of the diet. During most of the
year Red Phalaropes feed on marine zooplankton, and many of the tundra
ponds where they nest contain similar-sized freshwater zooplankton, but
these items have been found in stomachs only infrequently (BSergman et a
1977, Kistchinski and Chernov 1973). This may be in part because the
soft-bodied zooplanktonare digested much more quickly than insects
(Dodson and Egger 1980), but most observations of tundra foragingadults
and chicks indicate they certainly do prey heavily on chironomid adults
tzken from vegetation at the borders of pools.

The most detailed summer diet data are from Barrowand the north-

ern Chukotski Peninsula, Siberia (Table 4).

Table 4. Diets of Red Phalaropes.
Barrow, June-July 1965-1969, n.56. Dataofs.J, t.I~cl.can, Jr. , summarized
in Tracy and Schamel (1981).

N. Chukotski Peninsula, Siberia, June-July 1970, n=4%. From Kistehinski
and Chernov (1973).

Barrow Lhukotski
Larval tipulids 58% 12%
Adult tipulids 1 3
Larval chironcmids 10 17
Adult chironcmids 16 41
Beetles 6 14
Other insects 8 10

Other: spider,
zooplankton, =te, 1 3
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They show the greatest dependence on chironomids, and at Barrow, larval
tipulids. Both sets of data are averages over the breeding season, and
obscure the inevitable seasonality in diets in response to seasonality
of available prey. Differences in seasonal composition of the bird sam-
ples may account for some of the greatest differences between the sam-
ples. Manniche (1910) found principally adults and larvae of gnats
(probably chironomids) in stomachs of Red Phalaropes during the breeding
season in northeast Greenland, and Mayfield (1978) reports spidersand
chironomids in the stcemachs of this species breeding on Esthurst Island
in the Canadian arctic. He states that adults took mainly chironomid
larvae in the early breeding season, switching to almost exclusively
chironomid adults when these emerged in July. Young phalaropesgathered
adult midges at pond edges.

After breeding, females begin southward migration from the tundra
in late June and early July. Adult males frequently move to coastal la-
goons, saltmarsh pools, an” shorelines in late July and early August
(Connors et al 1979). Fledged juveniles flock along ocean and lagoon
shorelines, near sloughs, and in saltmarsh pools. Diets near Barrow in-
clude some chironomid adults, but consist principally of a wide variety
of zooplankton (calanoid copepods, emphipods, cuphausiids, dec:pod zoea,
chaetognaths; Connors andRisebrough 1976, 1977, 1978: Connorsctal
1982). At Simpson Lagoon, juvenile phalaropes fed on amphipods, cope-
pods andmysid shrimp (Johnson 1978).

Dunlin. Diets of this species have been studied extensively,
principally near Barrow, In June andAugust they prey most heavily on
tipulid larvae on the drier portions of ccastal tundra, but in July they
feed on cmerging adult tipulids in these hazbitats and move to mzrshier
areas with their chicks tofeed on emerging adults znd lazrvase of ohiron-
cnids (Table 5: Holmes 1566b, Holmes and Pitelka 1668). Data in Tzble
5 show these narked seasonal changes in diets of both adult and young
birds. The inportance of chircnciids in Dunlindicets is cxsgperated by
these figures, which are percent by nurmber of prey items. When conver-
ted to percent of biomzss, the simall size of chircnemidsrelative to
tipulids results in a decreasein their impliedimportznce, FoOr exzm-

ple, curing the July 21-20 pericd the 50% chircnomid counrpciznt in T:ble
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Table 5. Diets of Dunlinat Barrow.

items. From Holmes (1966b).

A. Adults, n=364,

Percent composition by number of

June June June  July July July July 31 Aug Summer

1-lo0 11-20 21-30 1-1o0 11-20 21-30 Aug 14 15-29 Average
Larval "T1% 81 65 8 8 9 15 51 39%
tipulids
Adult 0 0 0 40 17 8 0 0 8
tipulids
Larval 7 3 3 24 61 74 78 u1 36
chironomids
Adult 0 0 0 21 7 5 1 0 4
chironomids
Beetles 1 1 10 18 6 5 4 3 6 8
Other 8 4 10 2 2 1 1 1 q
insects
B. Juveniles, 1559-1263,n=181.
Larval 1 2 0 4 4 2
tipulids
2dult 26 29 11 1 0 13
tipulids
Larval 0 26 35 83 93 47
chircnemids
fdult 63 30 15 1 0 22
chircnomids
Eeetles, other inset!.s 6 5 18 10 1 8
Spiders 4 i 18 1 0 5
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5 represents less than 10% of the biomass of the diet for that period.
On a biomass basis, Dunlins foraging on the tundra depend heavily o n
tipulids, either larvae or adults, throughout the summer.

A sample of 29 Dunlincollected on the tundra near Churchill,
Manitoba over three summers alsofedmore heavily on tipulid larvae than
on other prey (Baker 1977). At another Alaskan site, Kolomak River in
the Yukon-Kuskokwim Delta, Holmes (1970) analyzed stomachs of 131 adult
Dunlin over three summers and found much heavier dependence on chirono-
mids than at Barrow. At Kolomak, Dunlin nest in an extensive marsh,
with less upland (tipulid) habitat than at Barrow, but with very high
densities of chironomids. Dunlin diets consisted of 85% and SO% chiron-
omid larvae early and late in the breeding season, with a switch to 11%
chironomid larvae and 50% chironomid adults in inid-season during insect
emergence.

In August and September, many Dunlin remain on the tundra, as in-
dicated by Table 5, but others, adults and juveniles, forage in littoral
areas. |In saltmarshes, on mudflats, and at edges of sloughs andla-
goons, these birds prey predominantly on chironomid larvae. |n seven
adults and 28 juveniles collected in late summer in these habitats at
cozstal sites from Cape Prince of Wales to Lonely, Alaska, 27 birds
(77%) contained almost entirely chironomid larvae. The remainder con-
tained amphipods, isopods, euphausiids, beetles, oligochaectes and seeds
(Connors and Risebrough 1976, 1977, 1978, 1979). Some birds zlsoforage

on beaches, taking a variety of crustaceans.

Pectoral Sandpiper. —---- This specices at Barrow has a : .markably

similar diet to that of Dunlin (Fite’ka 1957, Holmes and Pite’ta 1968).

Teble 6 shows an almost identical sc:oconality to the diet, ch- ging from
tipulid lzarvae in June to zdult insects in early July znd then to ehir-
oncinid larvae., Converted to bicrass Tisures, the data in Table 6 would
show that this species, like the Dunlin, is heezvily dependent on tipulid

larvae throughout the summer.
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Table 6. Diets of adult Pectoral Sandpipers at Barrow, n=204%, From
Holmes and Pitelka (1968). Percent by number of items.

June June June July July July July 31 Summer
1-1o0 11-20 21-30 1-10 11-20 21-30 Aug 14 Average

Larval 73% 80 66 9 9 10 16 38%
tipulids

Adult 0 0 0 45 16 7 2 10
tipulids

Larva 8 4 3 30 61 75 80 37
chironomids

Adult 0 0 0 27 6 4 1 5
chironomids

Other 19 14 31 7 6 4 1 12
insects

Young Pectoral Sandpipers also have diets similar to young Dunlin
(Holmes and Pitelka!968). From a sample of 130 birds collected over
five summers, diets consisted primarily of adult tipulids andchircono--
mids in July after hatching, shifting primarily to chironomidlarvae in .
late July and August. Tipulid larvae were important only inearly

August.

Northern Phalarcpe.---- Available diet information fortihis spe-

ties is not as extensive as for the Red Phalarope, but their prey scem
ftobe similar. Chirconomid larvae and emerging adults were '.c west fre-
quent prey in Canzca(Baker 1977) and in Finland(Hilden aniVuolznto
1972). At Churchill, Manitoba, 24 birds hadfedonadult . . conesids
(45% by number) 1zvvzl chironemids (.?21%) beetle =dults and . vee (P0%)

and adult tipulids (2%). Three adults collected on breedi.: rounds

near Cape Krusenstern, Alaska in earlyJune all containedinccet purts,
primarily chironcmid larvae and zdults (Connors, unpublisicd) . Taleom-
mon with other shorebirds, the chicks imust depend initially enw.cr:oing

zdult insects, mainly chirononids, which zre ezsily tzken i ¢ the cur-
face of vegetation. After fledging, juvenile Northerns ncve to chore-

line areas os descrived for Red Fhalzarcpes; diels in these h-obilnts
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shift to marine and brackish water plankton (Connors, unpublished).

American Golden Plover. ———- No detailed analyses of diet have

been published for this species on arctic Alaskan breeding grounds, but
several scattered observations indicate that, as with the other shore-
birds, insects are the principal prey. The diet probably does contrast
with that of sandpipers, however, since this species is more restricted
to the drier, more sparsely vegetated upland tundra. Bent (1927) re-
ports that Bantzsch found them eating beetles and caterpillars on Baffin
Island in Canada, and several observers have noted that berries of

Empetrum and Vacecinium are taken on breeding grounds. On the Pribilof

Islands, Preble and McAtee (1923) found mainly beetles, with some flies
and other insects, as well as seeds, in two stomachs.
On Prudhoe Bay tundra, tipulid larvae may be important to this

species also. The similar Golden Plover (Pluvialis apricaria) of north-

ern Europe fed principally on larvae of tipulids and other dipterans

(50% of biomass of animal prey) and on adult beetles (33%)and larval

beetles (7%) in Norway, where Byrkjedal (1980) examined 101 stomachs.

In May and August, Empetrum berriesccuprised about 30%and 40% of the -
total diet, but in June and July they ere not tzken. American Golden
Plovers at Churchill, Manitoba {Baker 1977) had fed on berries, dipteran
larvae, snails and adult beetles. In fugust, juvenile American Golden
Plovers near Kotzebue Sound, Alaska, feed in saltmarshes as well as on
tundra, taking chircnomid larvae eandberries (Connors and Connors 1682),

but zlong the Bezufort coast they remcin in the drier tundra habitats

(Connors et al 1979).

Eaird's Sandpiper. —-- This is the fourth of the common szndpi-
pers studied at Barrow by Holmes znd Fitelka (16f8)., Stermach contants
from 60 zdults are summzrized in Tsble 7. Tipulid larvae, and to a3 les—
ser extent chironomid larvae, are inmportant in June, after which birds
sWitch to emerging adults of both groups in July, continuing to tzke
zdult chircnenids in carly Aupgust, l1zter than other Eurrcw saodpipers.
They 21so tzke more beetles znd spiders in July and August ccupared to
other szndpipers. Baird's Sandpiper chicks tzke mainly adult chirono-

iwids at first, switching to bestles, epiders, chironemid larvae cnd col-
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lembolids (springtails) in late July and August.

Table 7. Diets of adult Bairdfs Sandpipers at Barrow, n=66. From Holmes
and Pitelka (1968). Per cent by number of items.

June June June July July July July 31 Summer

1-10 11-20 21-30 1-10 11-20 21-30 Aug 14 Average

Larval 34% 56 40 22 8 0 0 23%
tipulids
Adult 0 0 4 9 16 17 4 7
tipulids
Larval 53 23 5 17 7 36 36 25
chironomids
Adult 0 0 16 37 48 20 23 21
chironomids
Beetles 7 17 7 3 20 20 37 16
Spiders 0 4 8 3 6 8 0 4

Buff-breasted Sandpiper. ---- No diet znalyses have been publish-
ed for this species on breeding grounds. However, its mode of foraging

(surface pecks on vegetation and dry ground) and its nesting habitat
(dry, upland tundra) suggest these prey: tipulid larvae and (in July)
adults, beetles, and spiders. Chirconomidsare probably less important
to this species, alti.yugh chicks may prey on them heavily at times.
Diets of the icmaining four shorcbirdsand one passerine listed
in Table 1 as nesting at low densities on ihestudyarcaareless well
known than several of the cowion species alirezrdy discussed. All evi-
dence, however, sursc:tis a siwmilar range of foads, with inseet prey, es-
pecially tipulids, chironomids, and beetles., Fuddy Turnstcnes at Ellecs-
mere Island in Canada took plant matter very carly in the breeding sca-
son, but switclhed to insects, mainly adult chironcmids and lzrvse of
chironomids and tipulids, as these became zvailzble (Nettleship 1973).
Stilt Sandpiper stowachs frea Canada contained mainly larvee of tipulids
end chironcmids and plant sezds (Bzker 1977). Long-billed Dewitchers in

July and August, foraging in salimershes znd iudflats near Kotzebue
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Sound and at Barrow, contained 88% chironomidlarvae(n=13; Connors, un-
published). During the breeding season on tundra their diets may be
more diverse. Snow Buntings take a range of insects and plant seeds
similar to Lapland Longspur diets {(Parmalee 1968).

The obvious conclusion from these diet studies is this: monitor-
ing populations of onlytipulid and chironomid flies will provide a
meaningful assessment of food conditions for almost all the most common
species of the tundra bird community near West Road. Adding adult beet-
les to this list would probably cover the most upland and most distinc-
tive foragers, the Golden Plover and (perhaps) Buff-breasted Sandpiper,
as well. This extreme lack of diversity in diets of the nine most com-
mon species in a community is unusual compared with temperate and tropi-
cal areas; it affords the possibility of relatively easily monitoring

food resources for most of the tundra avian community.
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IV. POSSIBLE EFFECTS OF WEST ROAD ON FOOD SUPPLIES OF TUNDRA BIRDS.

West Road and its associated disturbances have the potential to
affect populations of insects upon which tundra birds depend. The prin-
cipal effects have been discussed at length in Troy and Johnson (1982),
Webber .et(al82), MacLean and Ayres (1982) and Everett(1982), and
will be summarized here. | separate them into three main categories and
several subdivisions.

1. Activity disturbance

2. Gross habitat changes

A. Gravel
B. Impoundments
(1) vegetation, soils, and water cover
(2) tundra invertebrates
3. Lesser habitat or phenolecgy changes
A. Dust
(1) vegetation and soils
(2) snow melt
(3) tundra invertebrates
B. Snow melt
(1) vegetation znd soils

(2) tundra invertebratles

1. Activity Disturbance.

The first category refers to the noise andcc motionassociated
with road use, and may have nczative effects on nesting &c=sitiesof
scme birds, especially the larger waterfowl andavienpre’-Lors. At
present we have no reason to :xpect any direct effects on . alaticns o f
tundra invertebrates, except -s these mightt be alter ed i ‘“.cir bird
piredators are excluded from ziezs close to the read. Sir.z n this re-
port weare Interested only in effects of altered pruydensities on bird

densities, we canignore road zctivitydisturbanceeirfects.

2. Gross Hebitat Chznges.

A. Gravel. —--—-- Covering tundra with gravel is the nost obvious

Fbitat change obscrved, and e effecet i s essily mensured, since the
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covered tundra is lost as bird nesting habitat. Effects on insect popu-
lations are similarly drastic, but there are no secondary effects on
(the missing) birds arising from the lost insects, so we can alsoignore
gravel in this report.

B. Impoundments. ---- Changes in drainage patterns will have
profound effects on soils, vegetation and water cover at affected sites,
and thesewill affect several aspects of insect ecology, as well as
suitability for nesting and foraging by different bird species. Connors
and Risebrough (1979) reported some changes measured in bird use of an
altered drainage site near West Road. |Insect species at each point with
altered drainage may also change. For example, the tipulid fly Tipula
arctica inhabiting dry habitats (MacLean et al 1982) may be replaced by

the tipulid Pedicia hannai as these become wetter, or by any of several

species of chironomids if they become permanently water covered. With
or without species changes, the densities of larvaemay change in res-
ponse to the changing conditions of vegetation, moisture and detritus
accumulation which can result from drainage changes. Phenology of in-
sect emergence might also be affected, by retaining ice cover or cold
water cover until later in the season. Finally, the availability of
insects to shorebird predators will certainly be affected, since im-
pounded waters may exceed the depth at which shorebirds can forage (only
a few centimeters for some species). Other, more direct effects of im-
poundments on bird populations include the loss of potential nest sites
and the loss of foraging areas for many species (longspurs and shore-
birds) but the potential enhancement of forzging for waterfowl.

The road prcbably also affects insects and birds on the side of
the road opposite the impoundment, since the loss of water drainage a~
cross some 0f the tundramay 2lter vegetationand inseet populations.
Changes arelikely to be less severe, however.

Rocad impoundments differ from naturalponds in sunerespects,
First, the fluctuations between high and low waterconditicnscan be
greater with impcundnments, which may drainefficiently later in the sea-
son when culverts zre ice free and snow melt has ended. The cormplete-~
ness of drainage depends on the size znd placement of read culverts.
This fluctuation would affect vegetation and in.sect populationsin the

rather broad vdrying zone" zround the msrgin of the {mpoundément.  Se-
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cond, natural tundra ponds haveusually reached stable conditions with
respect to vegetation and insect communities, as well as microtopograph-
ically; most ponds have relatively narrow, sometimes abrupt, borders
with the adjacent drier tundra. Impoundments will remain in a state of
flux with respect to these characteristics for several years or perhaps
decades. In particular, newly inundated areas, even with stable water
conditions, cannot acquire stable insect populations in one or two sea-
sons if Butler et al (1980) are correct that tundra chironomids have
life cycles lasting up to seven years.

One final point concerning impoundment effects: Not all changes
in bird populations will be negative. On transects in a road—impounded
area not far from West Road, Connors and Risebrough (1979) found briefly
elevated waterfowl densities in early June but much lower shorebird den-
sities throughout the breeding season. By August, however, the area had
drained considerably znd was much more heavily used by post-breeding and
migrating shorebirds than was a control area nearby. The impoundment
reduced breeding densities but provided a desirable late season foraging

habitat.

3. Lesser habitat or phenology changes.

A. Dust and B. Snow Melt. ---- Dust from gravel roads, settling
on the adjacent tundra, can alter soil chemistry and vegetation (see
Everett 1982, Webber et al 1982). Soil texture and chemistry and plant
production of detritus, together with water content, determine the en-
vironment of tundra invertebrates such as dipteranlarvase. £L:ay changes
may affect inseet populstions by altering insect species or densities at
each point.

Dust may also affect snowmelt by increasing solar heat =tsorp-
fion. This can produce esrlier snowmeltin dusted areas,accclerating
the phenology of insect emergence (I'aclezn et a1 1982). In viw o f
Holmes' (1966a, 1%66b) argument that shorebird nesting phenolegy is de-
term®ined by theneced for emerging cdult insects upon which eh icks can

£ : : by : v [ 3
feed, =ny changes ininscet phenology might alter bHird producilivity,

-2

lowever, birds usually occupyearly snew melt arcas before later sneow
melt zreas, and thisslonemay synchronize bird andinsect phenclegies.

~mother effect of rcads mgy partlally of fset the ,:;;_r-ly sriownelt cnuced
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by dust. The road can act as a snow fence, resulting in deeper accumu-
lation of snow near the road, where dust is also greatest. Date of com—
plete snow melt might remain relatively unchanged, therefore, although
an increase in local moisture might be the result. This in turn can al--
ter characteristics of soils, vegetation and insect populations. It s
not possible to predict the net effect on insect and bird populations.
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v. FOOD AS A FACTOR LIMITING TUNDRA BIRD POPULATIONS.

The question of whether food limits bird populations has proven

extremely difficult to answer for any species in spite of considerable
interest by biologists for several decades. |In this section | shall
attempt a brief review of this question as it applies to tundra bird
populations, and will consider some particular complications imposed by
the migration cycles of arctic birds. The aim of this discussion is to
develop the background for suggesting specific studies whichwould be
helpful in analyzing potential effects of West Road on bird populations.
This applied objective, as well as the time constraints involved in pre-
paring the report, require that some topics must be treated summarily,
drawing the most reasonable conclusions from published studies.

"limiting factor® to mean a

In this discussion | use the term
factor which exerts a density-dependent influence on bird populations
such that populations increase at low density and decrease at high den-
sity. This produces a feedback loop: as bird densities increase, the
limiting fzctor exerts a stronger negative influence, which reduces den-
sities. As densities decrease, the negative influence decreases, and
populations increase again. The net effect is an equilibrium density
controlled by the 1imiting factor.

Lack (1954) summarized the principal reasons, all indirect, to
believe that food limits bird populations in many cases: First, few
adults are cbserved to die from predation or disease, the principal al-
ternate density—dependent factors which might 1imit populations. There
are excepticns to this, of course, Lut it is gencerally true of arctic-—
breeding shorebirds. Second, manystudies have shownthat birds are
more nunerons where focal is more cor.on, and soume sretic bird data sup-
port this, =s discussed Lelcw. Third, species where they ccexist gener-
ally occupy different food niches, =nd niches are frequently narrower
where close competitors are present or resources areless,suyggesting
that competition for feed is irportant. Fipally, birds of m=ny species
nave been chtservedfighting for food (but this dses not oftenapply to
nesting shurebirds). Schicener (1658) considered vzriation in territory
size among species whose food scurces differ in kind, density and dis-

i % ] . N . N v ’
tritution, concluding that territery sizes (and therefore nesting den-
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sities) among species vary depending on food distribution in the same
way as has been shown for territory sizes within species. Both rela-
tionships suggest that food resources act as a limiting factor on bird

densities within and between species.

Potential Limiting Factors.

We can consider the following factors as potentially limiting
arctic tundra shorebird populations:

(1) Disease

(2) Habitat

(3) Predation

(4) Food

(5) Migration and Winter Requirements
| will discuss each of these briefly, and will present my reasons to
discount the importance of the first three factors. Under the fourth
factor, | will consider the possible mechanisms, as well as the differ-
ent scales of time and area response of tundra bird populations to food
as a limiting factor. This discussion may seem to digress more than is
warranted, but | found the process of formulating this description use-
ful in considering how this factor might operate on the tundra. Differ-
ent scales of response to food limitation may havequitedifferent re-
suits on local or widespread bird population densities. | will cite
some studies which suggest that tundra food does limit bird populations.
I will combine several processes undermigrationand winter requirements
to eocnsider the evidence that arctic sthorebird populations maybe limit-
ed Ly resources away from tundra bre=dingsrounds. Finally | will sug-
gest a model which may reconcile thesezmingly contradictory evidence
concerning winter znd summer resource lirn tation.

Discgse. ———- This canprobably bedismicsedssanirporicnt CzC-
tor, althcugh parasites have becnnotedinmeny shorebirds. Erceding
populations never attain the densities i:%ely to prcuote rapid transmis-
sicn of pathcgens,so this factor could cnly be inelnded with (5), per-
taining to the occasional conecentrations of birds inwinter or in migra-
tion. Even there, however, observations of disezse-czused mortzlity are
rare.

Trat cormpetiticn for hizbitat 1inmits tundra bird
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populations has been suggested by two removal studies at Barrow. In
both Dunlin(Holmes 1966a) and Lapland Longspur (Seastedt and MaclLean
1979), territories from which residents were removed were quickly occu-
pied by new displaying males, suggesting that the new males had previ-
ously been prevented from occupying territories by a shortage of suit-
able habitat. However, the main attributes provided by habitat are
food, cover from predation, especially of nests and chicks, and space to
breed unmolested by conspecifies and competitors. Successful breeding
has been noted in tundra species whose nesting densities vary widely
from year to year (Myers and Pitelka1980, Custer and Pitelka 1977,
Holmes 1966b) or from place to place (Holmes 1970, Seastedt and Maclean
1979), so space per _se is probably not limiting. Nest sites are also
unlikely to limit densities, since the ground nests of shorebirds and
longspurs typically occur in spots whose physical attributes are repeat-
ed frequently even over small distances of tundra. Thus, if habitat is
limiting, it is probably because it provides food or cover from preda-
tion, and these factors are considered separately below.

Predation. ---- Predation is Frequently important, accounting fur
more than half the eggs and young lost in studies of Lapland Longspui S
and shorebirds (Jehl 1971, Custer and Pitelka 1977, Seastedt and Mac.lcin
1979). However, Jehl (]971) found no evidence that predation acted.sa
density—dependent factor. This may be so becausemany arctic predators
take bird eggs and young as alternates to their main lemming prey (}Mzher
1970, Custer and Pitelka1977). Predation may account for some tempor-
ary bird population changes (Custer zandPitelka1977) but does not
appear tobe the principal limiting factor.

Food . —--— Food is a very plausible factor limiting tundra bird

1 .,

densities, as suggested by previcusuithors(Holmes 1966a, Maclean
1969).  Food might limit populaticns in several ways differing in s.:le
of time and area response, aswellazsinmechanism, but all these ways
require some kind of balznce between zvailable prey densities zndnest-
ing bird densities, Ccnsider the porsible scales of time response:

(a) Bird densities may adjust within each scascon to changesin
prey availability. Thisdoes not appcar to be the case, since nesting
densities are determined at initiation of r-resting in June. Subsequunt-

rredichay wezthe ~ PR, 3 . fq 2
ly, vnpredictable westher ruy derress or inercase availsbility of sca-



26

sonally variable prey (MacLean and Pitelka1971), with consequent ef
fects on nesting success and productivity. Nesting densities, however,
do not appear capable of sudden increases after mid-June, since the
brief season requires a fairly rigid phenology of nesting. Some nests
fail, however, and while some second efforts occur, the time available
for these is short, and in general nesting densities decline during the
season.

(b) In each year bird densities may be btased on the availability
of food during the same year. This requires birds to assess food avail-
ability at the beginning of the summer, when, alcng the Bezufort coast,
much of the potential foraging area isstill inaccessible due to ice and
snow cover. Further, some foods such aschirconomid larvae often remain
inaccessible because of water cover until July (MacLezn and Pitelka
1971). Thus for early settling birds such as DunlinandLapland Long-
spur this mechanism seems unlikely, but for the later arriving nesters,
especially Pectoral Sandpiper, such an assessment may be more useful.
Pectoral Sandpiper densities, in fact, are much more variable between
years at Barrow than are these other zpecies(Pitelka 1959). A compari-
son of insect and bird densities betwcen 1962 end 1963 at Barrow showed
a sharp increase in densities of tipulid larvae in1963 and zneven
sharper increase in nesting densities of Pectorazl Sandpiper, although
Dunlin densities remained constant( Holines 196€a).

(c) Bird densities may be determined ez-h year by prey densities
in the preceding year, probably throuihchangesin bird productivity-

B ut greoluctivity in a particular year is strongly aiffcected by the pre—

daztorregime or weather withinthat your and mey vary widely from year

to year for reasons other thaen food d¢unsities. 7 s it would bediffi-
cult Tur a ¢l ose correspondence telvwe n food de "ty and next yoear nest-
ing 7 ity to be maintained.

{1) Bird densities may herat “ 2desch: .- to "average™ prey
densit! s over several years. This m:y be a wellhited average, giving
grezter importance to some densities "'=ntooi' s, As an example,
years or minimum food densities may Lo ..ichumor “iportant Lthun mean

densiticzs in determining long-terimbicd populst’™ ndensities, as sug-
gested Ly Wiens (1977) for the general role of ¥ -slogical crunches™ in

stani g intercpecifie ceampstiticn. Ta the nighi™y varizble | cscurce con-

<
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ditions of arctic tundra, | suggest that neither the lowest nor the
highest food availability years figure overwhelmingly in this average.
When food is extremely scarce, as it would be if weather inhibits insect
hatches when sandpiper chicks depend on this food, productivity may drop
to near zero. Under these severe conditions, productivity is not sensi-
tive to nesting density; it is extremely low for all densities. Simi-
larly, in years of extreme food abundance success will be high for a
wide range of nesting densities. Thus the number of very bad or very
good years matters, and is measured by an average, but t'ne degree of
badness or goodness may havelittle effect past some threshold levels.

Two mechanisms may match bird densities to "average" prey densi-
ties:

(1) By individual assessment of habitat quality. The mechanism
implied here again requires assessment of average or potential prey den-
sities by nesting birds, but now the assessment is basedon characteris-
tics of habitat. This assessment capability might be genetically con-
trolled, since it could be under strong selection pressure, or it might
to scme extent be learned by birds with prior breeding experience. In
species with some degree of philopatry (site faitnhfulness:{or example
Punlin and Semipalmated Szndpipers: Holmes 1956b, Szfriel 1971, Norton
et a1 1975), it might also depend on prior fzmiliarity with a particular
site. On a small area scale, Seastedt and VaclLezn(i1979) {ound that
Lapland Longspur territory size wasonly weakly correlated inversely
with insect density within the szwe year, but waswore <s%iongly correl-
ated with average insect densities over severzlvears.:” ¥ surgest the

birds assess the potential value of the habi*=t,-ad .. v conpetition
i n zreas of good habitat (snd good average or 'expecicd! P et szbun-—
dznce) results in smaller territories andhi Lo lnc=1% g densi-
ties. ThiS szme mechanism could cparate over > , , =+ - If food is
ultiztely limiting, this assessizat mechani. w st * 2 . -.d with a

feedbzck mechanism based on productivity.

(2) By changes in bird productivity. 7075 ., % .71 does not
require the szme active role of individualea -~ at, 7. iefly, &rcas
of goodfood densities precduce more young birds aivd sooit in higher
censities of nesting birds in subsequent yecars. The :rea :zcsle of this

respence depends partly on the degree of PRIlcrstiy of 731 ts and thelr
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offspring. This feedback mechanism based on bird productivity is dis-
cussed in more detail in a subsequent section.

Over what scales of area response may food be limiting to tundra
bird populations?

(a) By territory size within one site. On this small scale,
climate is fairly constant and communities of prey species and bird spe-
cies do not vary within single habitats, but territory size may be ad-
justed to food densities, as in the Lapland Longspur example (Scastedt
and MacLean 1979). At another site with a different climate and differ-
ent communities of plants, insects, birds, predators, etc., territory
size wouldalso be adjusted to prey densities, but on a distinct local
scale.

(b) On a scale of kilometers. At each site (such as Barrow or
Prudhoe Bay), the mix of habitats and probably the food density within
habitats varies over this scale, as microclimate (temperature and preci-
pitation) changes. Average bird densities may vary over this scale,
l[imited by mean food densities over the same scale.

(c) Between sites (10's or 100's of kilometers). On this scale,
there may be major climate differences, bird community changes due to
species geographic distributions (whichalter the intra-:nd inter-
specific competitive environrnent), zndchangesin insect communities,
phenology, and predator distributions. These factors may all affect the
relationship between food density znd bird density when we compare areas
as distinct as Prudhoe Bay and Barrow.

Holmes (1970) measured Dunlinnesting densities andinsect densi-
ties at Barrow znd at the Kolomak 3iver in the Yukon-Kuskokwiim Delta.
The comparison is complicated by differences in insect coursunities, hab-
itat structure &nd phenology at ttiesites, but ratios of inscet larval
densities at tune Kolomak River site to inseet larval donsities »t Ferrow
varied between 16 at the beginning of nesting to 1.6 at fledging. Dun-
lin nesting densities averaged 5 times greater at the Kolconzk River.

The comparison is further complicziedtbtydiffcraences in ril.:-hers of com-—
peting insectivorous birds at the “wo sitebut Holmes coneiu 1-d that
differences in Dunlin densities werer-=lzted to differences in {food
zvailability and that territoriality functions to disperse the bit-d rop-

vlztions in relstion to their food. 2t Earrow, Bolires (12£6€a) reo oved



Dunlin from territories by shooting, and new birds occupied these terri-
tories almost immediately up to 20 June. This suggests competition for
resources, probably food, with territoriality maintaining low densities.

The data generated by prior studies at Barrow and Prudhoe Bay
permit a limited comparison of bird and prey densities at these coastal
sites. Norton (1975) estimated total energy consumption of the Prudhoe
Bay insectivore community to be only 75% of the comparable figure for
Barrow because of lower bird densities at Prudhoe Eay (3 x 105 kcal-
krn—z-yr"1 vs. 4 x 10 at Barrow). MacLean (1982) compared the overall
tipulid biomass at the two sites (41.6mg - m_2 at Prudhce Eay, S4.9 mg-
ul-* at Barrow) &nd found a similarly lower value of this important food
item at Prudhoe Bay (76% of Barrow density). These values, based on
only two or more years do not account sufficiently for the variability
in bird and prey densities to give more than a hint of a causal re-
lationship. As data from additional years' Study become available we
may be able to see whether this relationship is maintained. Other po-
tential factors discussed above may have played a role in producing low-
er Prudhoe Eay bird densities however,

In summary, food may limit tundra bird nesting densities over
wide range of area scales, from individual territory sizes togcographic
sites. On a time scale, it is most likely to operate on "zverage" den-
sities of insects and birds over several years rather than on shorter
time scales. The mechanism of limitation might be throughchanges in

bird productivity, perhaps izediated by territorial lchavior.

Species Differences in Demography.

For a closed system involving a localpopulaiion of one or sever—
al similar species, a productivity feedback ‘system cinoperatevery
simply and dirccily, and a rwodel to demonstrate thi is Jeveloped below.
This Suggests the probable mechenism for foodlimit-1iun of tundira bird
densities, and is therfore a useful exercise, but tl.e:ctual situation
i n the arctic is rede more cemplex by marked differ nces tetween species

indemographic characters such asannualvarizbilitly in nutbersat a

\V

site, or individual philcpatry (site faithfulness). For cx:r.pie, Dunlin

densities remein fairly stable between years at Barrow, znd individuals

tend to return Lo the same, O ne:zrby breeding aress in cohzoquont sea-

a -
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sons (Holmes 1966a). If Dunlins only compete for food intraspecifical-
ly, then increases in Dunlin densities will increase competition. But
Pectoral Sandpipers share the same food resources, yet this species is
much more variable in numbers, and not strongly philopatric(Pitelka
1959, Holmes 1966a). Pitelkaet al (1974) consider the Pectoral Sand-
piper an opportunistic species which changes its distribution between
years, probably in response to changing resource distributions. Changes
in nesting density at a site may be determined by resource conditions at
sites away from the one in question, however. Thus a closed system
treatment is not strictly appropriate, and the "averages" of food densi-
ty and bird density at a site must account for these additional fluctua-

tions due to independently changing competitor densities.

Productivity Feedback Model.

Consider a simplified tundra system in which birds prey on a sin-
gle type of food present at maximum density at the beginning of each
season. Food density is progressively reduced through the season by
bird fcraging. Assume further that prey items are uniformly distributed
over a single continuous habitat.

MacLean (1980) estimated rates at which tundra birds must cbtain
prey during the breeding season to meet the needs of successful nesting.
These rztes vary depending on available daily foraging time, size of ad-
ult birds, size of prey, and nesting duties, and range for some comaon
species from about 1-10 per minute for 1;5r‘g€_'fipu_1:1_<_:@_ri_gi___fr:% to 20-
100 for chironomids. Thus there is a minimum prey density, Pm, telow
whit’'n birdscannot gather food at a rate Rm sufficient for successful
nesting. Over the entire breeding season, this R, translates into F,,
the mi fmum zmount of food required per successful nestin g attempt.
Since '‘n our model 311 the prey are pre==nt at the beginning of the sea-
son, = bird nesting density of B requires atleastanavailable prey
densty of P = B x F,. But the birds c=nonlytzke a fraction of the
tetal -rey present beczuse a gortion Pu of the tctal prey densityis
unzveitzble (due to topography, vegsctation, depth znd substrate chzrac-

m
neceszzry for successful nestingcannot be maintzined. The initial prey

teris’tics), azndbeczuse below the prey density P the foraging rate R

density requir.:d is therefore
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Pm and Pu are set by factors of habitat and physiology, so for

any density Po' there is a maximum B which permits successful nesting.

If B is below this maximum, all birds can gather the required food F,

for successful nesting, and bird productivity is high. The population
density B therefore increases in succeeding seasons. As B increases be-
yond the limit P set by P. = Pm + P, + p, thenFm must decrease, and
productivity drops. In succeeding seasons B decreases until birds can
sgain gather Fm' and productivity the increases. Thus the feedback loop
based on food limiting nesting density is complete. In fact, productiv-
ity may adjust over a range of values from very low (zero) to very high,
depending on how closely P. and B correspond each season.

This simple view allows some obvious corrections to our assump-
tions. First, since prey populations vary considerably from year to
year (as do other non-food factors which affect productivity) the pro-
ductivity—based feedback will not operate smocothly from year to year.
However, if bird densities are below or zbove the limits set by average
prey densities over several years, the changes in productivity should
gradually accumulate to alter the resultant bird densities.

Second, since food densities are never uniform over all areas, we
can consider the effects of a model with fcod contained in many equal
discrete patches. Instead of gradually reducing prey density through
the season, the effect of foraging will be Lo reduce the number and
density of patches. Fm,t’ne total food r=:Z:d for successful breedin~s,
requires that each nesting attempt acquire 2 certainnumber n of patcli-
es. Below a minimum patch density Pa’ sezrch tinwe to locate a patch
would e too gr eat for successful nesting, o this patchy model is = 1-
czous Lo the prey item model, with pateh @ nuity treatedas prey itew
density: Py pd P, * P with P (the pztch . .sity sbove minimum pm re-
quired for successful nesting) dependent upun the density of forzging
birds. so, with either auniformor a pzt.ly prey, the initial food
density determines the bird nesting density nich will be succe ssful,
znd evzrage bird population densitysdjusts tozverage prey density by

ehranges in productivity.
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Migration and winter requirements. ———- The final category of

potential limiting factors includes the hazards and requirements of mi-
ration and wintering grounds. Some of these (e.g. weather) may be res
ponsible for considerable bird mortality and may depress bird popula-
tions below the nesting densities which produce food limitation, but are
not density-dependent and cannot be considered the factors limiting pop-
ulations over the long ‘term. However, disease, predation or food on
wintering grounds or during migration may limit populations to average
sizes below the food-limited carrying capacity of tundra nesting areas.
These populations might then show effects of tundra food shortage in
only very poor years. Changes over the upper rznge of tundra food den-
sities would havelittle or no effect on average bird densities.

Holmes and Pitelka (1968) found broad diet overlap during much of
the summer among four congeneric sandpiper species breeding at Barrow
and warned that compatition among sandpipers may be more severe on win-
tering grounds, where the evolved differences in bill morphology result
in more distinct ecological segregation. Bsker (1977) found close simi-
larity in summer prey size and diets of ten shorebirds breeding near
Churchill, Manitoba and concluded this indicated relaxed competition
the presence of abundant resources. This would argue against food limi-
tation in summer. In contrast, several studies have found distinct for-
aging habits, habitzts and diets among wintering shorebirds (Recher
1966, Couch 1966, Bzker and Baker 1973). Baker andBaker (1973) believe
this indicates greater competition for food in winter, and suggest that
food is more likely ‘o be limiting in winter than in suwamer. Their ar-
guments are quite plzusible, but the problem of population control in
species undergoing suchsevere shifts in location, habitats, diets and
cormunity relationships several times eachyear is extremely complex.
“one of these authors has proposed a way of reccaciling these apparently
contradictory results suggesting resource limitation on both csummer and

winter grounds.

Limitation in Winter and in Summer: A Schecmatic Model,

I will suggest a wodel which may reconcile these differcnt mech-
f

anisms.  Much of the initial zpparent contradiction of limiting
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operating on both summer and winter grounds stems from a simplified view
of these situations as representing the same, closed population unit.

If all birds of species A nest at one density set by a resource limita-
tion factor LFs on the summer tundra and all birds winter at one density
set by a resource limitation factor LF, on winter grounds, both factors
can be controlling populations only when the mean densities set by LFs
andLFW correspond. If winter populations are controlled by LF,at a
level below the population densities permitted by LFs, then LFs has no
effect; summer densities can never increase to their permitted limit set
by the surmer resource because LF, limits the population below this
size.

In fact densities of each species vary throughout its range on
summer and winter grounds, as well as in migration. If local popula-
tions move between seasons as constant subpopulations, breeding, migrat-
ing and wintering together, the quandary might still exist. Evidence is
accumulating of a high degree of site faithfulness in some shorebirds to
breeding grounds (Handel, pers. comm., Holmes 1966b, Safriel 1971, Nor-
ton 1975)and to winter grounds (Kelly and Cogswell 1979, lyers et al
1979). However this does not necessarily imply constancy of
subpopulations between seasons. An alternate model has individuals f. om
one breeding group disperse over a wide range of winter grounds, and
vice versa. A banding study of Black Turnstones nesting on the
Yukon-Kuskokwim delta and wintering in California suggests that this ay
be the case, (Handel, pers.comm.). In this case, local breeding
ropulationsmay occur at widely different densities adjusted to local
resource limitations, put these populations in winter mzy spread over a
breedly overlapping range, mixing with members of other local breeding
ropulations, Thuschangesin density at one” local breecding site will
tave very little effect 0 N winter pepulation densities aywhere, and
therz=fore Jo not evoke a strong response frcemeany winter limiting fac-
tor. The cperation of local winter endsummer limiting fectors are us-
coupled in this model .

There remain the questions of the overall mazteh of densities ot
by limiting Tactors, znd which factors ccntrol pcpulation size nest of
the time. |t should still be true that if the LF's operzte «t densit’as

“hich do net correczpond at 3ll Letween cezscons, then only the more rec-
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trictive LF will have important effects. Considering a rather different
system of migrant warblers nesting in north temperate forests and win-
tering in the neotropics, Morse (1980) suggests that compensating shifts
in population density, distribution or ecological role by potential com-
petitors in one season may arise when a species is limited primarily in
the other season. This would tighten the competitive environment for
the species within the previous non-limited season. The resultant ‘dy
namic equilibrium” would act to equilibrate the limitation effects in
both seasons.

We can guess that there have been some severe changes in competi-
tive tundra shorebird environments within the past two centuries, as
market gunning decimated populations of Eskimo Curlew, American Golden
Plover and others, and as vast areas of coastal wintering shorebird hab-
itat have been drained or filled. We do not xnow whether compensating
changes by other species have operated to maintain a balance between
competition on breeding and wintering grounds. We do know that popula-
tions of species such as American Golden Plover have recovered strongly
since shooting stopped, indicating that they were not limited by re-
sources in summer or winter during the recovery period.

There is a way to reconcile the operation of L.Fw and LFS without
matching winter and summer densities closely. Figure 1 shows a hypothe-
tical relationship between the strength of these factors as functions of
bird densities. The density measurements would be expressed as birds
per unit of limiting resource, adjustedfor szasonal energy require-
mznts. This is meant to relate the scasonal limiting facters to equiva-
lent, but not necessarily equal densities, so that we may compare their
effects between sezsons.,

The effeets of LFs zndLF may be verydifferent. LF, operates
primarily through chenges in productivity, while I,Fw opurates primarily
through changes in survival of migrant zndwintering birds. The shape
of thelF curves in Figure 1 is meznt to suggest that LFw has a lcwer
slepethan LFs, but is riot necessarilylinear. The lower slope imight
arise beczuse zs food supply per bird decrezses on winter grounds, birds
cen ad just by feeding longer, by chenpging hzbitats and prey, Or by dis-
persing to other feeding zrezs. On breeding gZrounds, nesting birds are

attaered to a rnost site, =nd can disperce caly 2t the cost of Jost ;. ro-
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STRENGTH SUMMER, LF_
OF
LIMITING
WINTER, LF
FACTOR

SEASONAL EQUIVALENT DERNSITY

Figure 1. Hypothetical comparison of limitingfactor responses.

ductivity; alternate prey are few; andnewly niatched young are depzndent
on azn unpredictable local food source. Thus if food supply per bird
decreases, effects on productivity may be sharp.

Figure 1 suggests that over a broad ri..ge of densities, shorcbird
pcpulations may be limited primarily by factors during migration znd
winter, but st high local breeding densities (or low resource levels)
summer resources may be more important limiting factors. Birds might
therefore evolve bill morphology and feeding ttrategies based on winter
cempetition, Lutstill face summer 1imitation - nder some conditions.

Anotheyr way of reconciling the evidence of more severewinler
cornpetition zad of summer densitiesrelatedto food supply depends on

the differenccs in rescource environments in o ter and summer.  Ceosared
to the temper:te tidal flat wintering areas of 'many shorebirds, the tun-
dra food supply is extremely simple, lacking *".e diversity of prey a-
vzilzble on winter grounds. The greater ecolc.ical segregaetion of
~F-8levirdsin winter (Recher 1666, Holmes znd rfitelka 1568, Baker and
Zzker 1973, Fallcry,pers. comm.) may rerely ieflect the grezter diver—
sity of potential prey in a competitive envircisent rather than inercas-
ed competition on winter greunds, Faced With competition, shorebirds
Bew's evolved 2 va ricty of bill morpholcsgies o 4 foraging habits Leoe iuse

=



the diverse and relatively dependable prey base permitted them tospe-
cialize in this way. With a simple but undependable, unpredictable prey
base, such specialization would be too risky; the best strategy requires
a generalist approach, so species overlap broadly in their diets. Food
may be limiting on the average over many years because of its variabil-
ity and unpredictability (Holmes and Pitelka 1668, Macl.ean and Pitelka
1971). In years of good food supply, birds experience verylittle com
petition. In years of poor food supply, competition may be heavy, but a
narrower niche breadth is no solution beczuseall birds must seek the
same one or a few kinds of prey. The narrowed diet overlapzmeong Earrow
nesting sandpipers in late June and early July (Kolmes and Pitelka 1568)
is then a response to the slightly more diverse prey base during that
period, rather than an indication of increasedccrnpetition. 1In this
view, competition in the presence of a diverse winter prrey bzse has
shaped the evolution of morphological and btehzviorzl diversity among
shorebirds, subject to the constraints of efficient {forzging on the sua—
mer insect prey. This does not, however, isply that ccipetition is more
severe in winter, or that food is abundant :&dpon--1imitinginsurm-er
(contra Bzker and Baker 1973 and Baker 1977). food zupplies, avers od
over several years, may still be limitingtuoirslinediog @ nrilt of

shorebirds.
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V1. PROPOSED STUDIES

I have separated the central question of whether the West Road
will alter bird densities by affecting densities of foods on which the
birds depend into three more limited questions. First, what are the
foods of the most common nesting birds along West Road? | believe this
guestion has been adequately answered by previous studies, as reviewed
in the first section of this report. The data are meager for some spe-
cies, and moreover, have been gathered over many seasons at several arc-
tic tundra sites, but the consistency of the results leaves little doubt
of the central importance of larval and adult tipulid and chironomid
flies. These are supplemented variously according to species and sea-

sons with beetles and other insects, spiders, and plant material.

Road Effects on Insect Populations.
The second question to consider is that of the effects of the

rcad on insect populations. A study of tipulid densities was begun in
1981 on the Waterflood Project, but would need to be expanded and con-
tinued before this question could be answered. First, chircnanid popu-
lations must also be monitored, at least with emergence trapsto szmple
emerging adults, and preferably with the addition of some benthiec samp-
ling of larvae at pond edges. This should be done at naturally occur-
ring pecnds as well as at impoundmentscaused by road consiruction. Mea-
surement of larval populations at impoundment edges is espeeially impor-
t=nt because these are drastically altered habitats which ay change
over mzny seasons until a stable flora and fzuna are established., Tun-
drachironomid species, with life cycles of up to seven ycuirs(RButler et
a , 1%80), could not achieve stzble npopulations in cone senson. Bird use
of these habitats might continue to develop over several yczars,

The most profound effects of t'ne rcadoninsect pornlaztions will
follew directly fromany gross habitat chinges produced, ~lterztion of
drainage, resulting intemporaryor pert-;:7cnt impoundmentszlong the
rcad, is the clearest example. As tundra is unundzted, the environment

of tuner-a insectlarvasewillchzarnge so drastically that spzeies composi-
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tion, not just densities, will be altered. Tipulid larvae in normally
drained tundra will not emerge underwater. Phenology of emergence may
also change, and availability of insects to foraging birds may be
strongly affected. For example, any insect larvae beneath a water cover
more than a few centimeters deep will be unavailable tosmall shorebirds
unless they emerge and are blown to edges of the water, or unlessthe
water drains or dries, exposing them to predation as the season progres-
ses. Gross habitat changes such as impoundments are likely therefore to
exert the most profound influences on bird populations, and should be
monitored closely.

| agree in general with the recommendations for further study in
MacLean (1982):

(a) The sampling array should be placed closer to the road:

20m, 50m, 150m and control seem appropriate.

(b) Habitats of all comparison plots in a series should be mure
closely matched by microhabitat as well as general topc-
graphic features.

(c) Semplingshould be expanded, preferably by addition of study
plots, to allow averaging of densities over more of the hab-"
itat variation.

(d) Sampling should be expanded to measure adult chironciiid
(midge) emergence, as well zs their larval densities at od-
ges of impoundments and natural ponds.

Studies of insect populations such as these or the studies wrc-
posed below areessential to understandingany Food-related eff=cisof
West Road on shorebirdand longspur popnlaticns.

Food Limitation of =

T h e thirdqu-wtionis the rost diificuit Lo answer: Baos 7:0d

operate as a limiting factor to tundra uird; pulations, such thabl oton-
ges in insect densities will ultimately cause changes in bird densitis?
The evidence ircm previous studies, as digeus: «d zbove, is far frem con-
clusive, and the issue remeins cne of &Lhe wox®t complex in ecole. .y, Four
approaches might yield persuasive evidencewithin the Waterflocdiig
ject.
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A. Correlations between bird and insect densities over different sites.
Most of the indirect evidence for food limitation in bird studies
has been of this kind. By measuring bird and insect densities on a

large number of plots of comparable habitat, averaged over several

years, we predict that if food is limiting, areas of higher average food
density should support higher average bird density. This approach would
require large samples. To average densities over time, atleast five
years of data collection would be necessary. Numbers of study plots
required would depend on the renge of density values over all areasand
the variation in density values over time, but ten to twenty comparisons
of pairs of similar habitat plots, or one or more correlation series of
at least ten plots of similar habitat would probably be necessary. Just
measuring chironomid and tipulid emergence adequately (at perhaps forty
to eighty points per ten ha plot) in at least twenty plots for five
years would be a formidable undertaking. This approach is probably too

costly for consideration.

B. Changes in densities over time on the same sites.

If West Road causes changes in insect densities, and insect den- *
sities limit bird densities, then bird densities shouldshcw correspond-
ing changes, if we monitor both parsmeters over many seascns. This ap-
proach follows the plan of 1981 Waterflood Project studies, and has a
significant advantage over the correlational approach: since densities
are mezsured 2tk the same sites ezch year, and ccmparisons are between
years (or averages of several y=zrs) on the same plots, we avoid pro-
blems of assuring equivalency of hzbitat between plots. This reduces
both thenumber of plots required and the number of insectszmples
spread over ~achplot. Ancpprepriate protocol mizht monitor four plots
Lwo ha czfor inscets) on birdtranceets in the control zrea, siXx
plotson bird transects at 25 m f{romihe road, six plots on bird tran-
csects at 75 mf{romthe rozd, and six plots at 175m {rom the road. O n
czch plot, traps could mcusure insect vmergence &t four s.parate sites
in each of four habitats: dry, moist, wet, and pord., Trap sites weuld
remain the sgzme (or adjacent) esch yecar., Thiswculdstill require 264
traps monitored each year for, “deally, five years before theroad i s

“uilt znd for five years ufter rezd use bzce=es sinble, Shortel periods
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might also be useful, but natural annual variation willreduce the sen-

sitivity of comparisons. Bird nesting densities would need to be moni-
tored on the same schedule, along the 1981 transect array, or possibly
an abbreviated version of that array. Bird densities would be measured
over a greater number of plots, corresponding to the same distances from
the road as with the insect plots. Possible results of this study are
these:

(1) Insect densities and bird densities are not measurably dif-
ferent after road use. This result would tell us nothing about whether
food limits bird densities, but it would yield the important information
regarding degree or level of road use which produces no detectable ef-
fect,.

(2) Trisect densities and bird densities both change in the same
direction. Unless obscured by other correlated factors, this result
would yield strong evidence that bird densities are matched to, and pre-
sumably limited by, food densities, It would also measure the degree of
these changes associated with a measured level of road use.

(3) Only insect densities change; only bird densities change; or
both change in opposite directions. All three results would provide
evidence that bird densities are not matched to food densities over the
measured ranges. The tiirce results would suggest different effects of
the road on insect or bird densities, and might prove difficult to in-

terpret or to apply to future situations.

C. Experimental changes in insect densities.

This approach is the experimental version of the prcvious ap-—
proach. Beczuse we can't predict whether the road will alter food den-
sities sufficiently to J.imonsirate any food limiting effects on birds,
we experimentally deprcos insect densities on a series of plots estsb-
lished away from the rc~d. Succ:ss would hinge on proper spplication of
an appropriate insecticide which ust hzve no effect on vegetztion or on

ht =im

4
()

bird physiolcgy, while cousing rortality of inseect larvae. Wo i

for a scries of six control plots, six plots with Jdensities roduced Ly
50%, and six plots with densities reduced by 90%. Meazsurcmont would
entail the szme array of traps and censusing as in Approsch B.

If the technical preblems of ins-octicide use enn be CLorcore,
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this approach would strike directly at the question of food limitation

of tundra bird populations. It is therefore appealing from the general
point of view, potentially providing an important and basic understand-
ing of the dynamics of tundra ecosystems. It would provide information
which, coupled with measurements of road effects on insect populations,
would lead to predictions of road effects on bird populations. It would,
however, require more total sampling than approach (2) and would not be
as efficiently directed toward assessing the immediate effects of West

Road. It would not, in particular, account for changes in phenology of

insect emergence which may result from the road.

D, Effects of bird density on chick growth rates.

This experimental approach could focus on one central facet of
the limitation question: Since the breeding cycle of shorebirds is
timed to provide a food source of emerging adult insects for shorebird
chicks (Holmes 1966a, 1966b; Holmes and Pitelka 1968), is this the sen-
sitive, limiting step in shorebird productivity? Are shorebird den-
sities set locally by food limitations during this period? Holmes
(1966b) argues that the time of hatching and early growth of young sand-
pipers (July) is the time when food shortages are most likely tooccur
and have the greatest effects on breeding sandpipers. |f the dcnsity of
chicks is high with respect to food density, will chick growth rsztes and
eventual chick survival suffer?

A series of wire enclosures might be set up at several sitesen-
ccmpassing similar habitats. After shorebirds hatch, chicks cin be eas-
ily cezught and placed within the enclosures, with different densities of
chicks in different enclosures. |Insect emergence would be monitored
within eachenclosure, and chick weights mecsuraed each day. We would
look for a reduction of growth rztes at high chick densities, Iif growth
rztes decline at densities whichmight naturally be reached cn Lhe tun-
dra, it would suggest strongly that zvailzble food forchicks is limit-
i ng shorebird densities by reducing shorebied productivity . This would
be animportantresult of general sizsnificonce whi ch wouldbe ez lremely
valuzble in evaluzting potential effects of West Road on incceet =nd bird
populations.

This studywould not regnire the five years or more of the other
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studies because it focuses on a central mechanism rather than the res-
ponse to changes which must be averaged over several years. It would
probably require two short seasons to overcome some potential experimen—
tal problems. In particular, the enclosures must not attract increased
predation; in fact, it would be desirable to eliminate predation losses.
Enclosures would need to be large (about 0.1 ha), but could be construc-
ted very simply. Other details would need to be worked out. An alterna-
tive approach to this experiment would incorporate the pesticide tech-
nique of Approach C, changing food densities within enclosures which
have the same chick densities.

Considering the time and expense as well as the expected return
in useful information, I recommend a version of Approach D, the enclo-
sure experiment, coupled with Approach B, the restructured monitoring of
bird and insect populations on plots which might be affected by West
Road. These studies, combined with a thorough monitoring of effects of
gross habitat changes (in particular the impoundments along the road)
will adequately cover the most important aspects of West Road effects on
shorebird and longspur pepulations acting through changes in food re-

sources.
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VII. APPENDIX: A MORE GENERAL APPROACH TO STUDIES OF ROAD EFFECTS ON
BIRD POPULATIONS

An alternate approach to this entire problem of effects of roads
may be beyond the scope of Waterflood project studies because it focuses
on road problems in a general way. West Road is currently under ex-
tremely light use. If use remains relatively light, any potential ef-
fects of roads will be light and possibly undetectable within the limits
of time and money available for studies. The conclusion of no signifi-
cant effects of West Road will be justified and welcome. It will not,
however, be a general conclusion applicable to other roads and should
never be extended to roads with markedly different levels of use. This
is especially true because there may be critical or threshold levels of
use or associated effects (for example, dust), which alter the relation-
ship between the disturbance and the environmental response. There may
be no response (of insect densities or bird densities, for example) be-
low a critical disturbance level, but above that level there inay be a
strong dependence of densities on degree of disturbance, or even a com-
plete failure of nesting success.

If in the future conclusions are needed with more zencral appli-
cability than the Waterflood Project West Road studies surply, a com~-
narison across several rozds differing in use levels would offer a po-
tentially powerful approach. Study plots would be established and moni-
tored along at least three roads (low, medium and high use) on sections
lying in identical directionsandat similar distances {rcathe coast.
Studies might thenproceed as with the Waterflood Project, but all re-
sults which :zuggest road effects could be compared againstameasure of
road use. We could then predict t'ne response of the envi,-nment to a
proposed level of rcad use, andmight determine threshold:vels of
these resporsas, This would provide znextremely useful redictive and
rznagement tool.

The prineipal difficulty inmaking these comparizaons hetween
sites i s the eliminztion of confounding factors which miglt cxplain ob-
cerved effects. The most obvious of these, which would Se at the heart
of multiple site studies (but is also relevant to present “Waterflood

Proiect sty iy ; 5 - S - s st amY Fat e
rroge seud1les, s the drpendence of zlmost 211 biolegie-=l fuctors on
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habitat. Two approaches are possible: We can try to eliminate the hab-
itat factor by comparing plots which are identical in habitat but which
differ in the level of a disturbance factor which we are investigating,
or we can mathematically compare sites which differ in habitat using
multivariate statistics with extensive habitat measurements. The first
approach is preferable only if we can select sets of plots with suffi-
ciently similar habitat measurements to feel confident that habitat dif-
ferences could not explain any observed trends. The insect data from
the 1981 Waterflood Project were collected according to this design, but
the habitat categories were not sufficiently detailed, and observed
trends in the data were discounted as arising from unintended differenc-
es in habitat (MacLean and Ayres 1982).

In practice, it is always difficult to closely match the habitat
of study plots established indifferznt areas. A protocol could be es-
tablished, however, to select plotson the basis of a limited series o f
habitat imeasurements to eliminate major differences. Analytical tech-
niques might subsequently be zppliedio evaluate and subtract habitat-
related trends if data sets are larze enough.

These considerations are, of ccurse, also applicable to compari-
sons of expefiméntal and control airczs.  Since bird use of coastal tun-
dra by shorebirds and lLaplandLon;z::r-s is so strongly associated with

habitat characteristics (Myers and 7iielka1980, Connors et al 1982,

Troy and Johnson 1982), smalldifferonces in habitat between comparison
areas can easily obscure any differ.nces caused by factors associated
with rcads. Habitat u-asurements, .- 2t least continued statisticsl use
of the gwobotanical map informaticn, sre therefore essential to these
studies,

Hultivariate siatistical " “ues can be a powerful alterrative
to well-matched sets of habitat p° -, =nd have bcen used to measure
habitat use differences zmong bird -, ies znd armong sites in several
arctic studies (Myers and Pitelka ..7", Ccnnors et al 1682, Troy and
Jehnson 1982)., Scme zppreach of this  ort would preotably te reguired in
these comparisons smong different . T3,

The point of this discussicn s rmerely to surgest the potential
power of this comparative zpproach. 't could prcvide more generally ap-

z

sflicable estinmates of the effeets f . :d use, but prebably zt sroter
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initial cost. The mor e focused studies initiated in the first season

Waterflood Project, and the studies suggested in this report, will more
efficiently meet the specific objectives of determining the environmen-

tal effects of West Road.
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